Minimum parking requirements are traditionally seen as a formula-based element of 2 development regulation. Their roots are found in a desire to ensure an adequate amount of 3 parking spaces as cities grow, supported by a desire to remove cars from streets when they reach 4 their destination (1) , and in some cases, a view that minimum parking requirements support 5 economic success (2) . Rather than directly intervening in markets to achieve this, parking 6 requirements operate indirectly by mandating developer compliance, disguising the true cost of 7 the intervention (3). 8
In fact, parking requirements are a policy choice that should build on solid empirical 9 evidence about demand and the policies of local jurisdictions and transportation agencies. In 10 support of smart growth concepts, some cities are reconsidering parking requirements in a 11 broader context that includes community development, sustainability, and social equity 12
considerations. Yet Kavage et al. (4) found that parking is the weakest area of regulatory reform 13 in a review of regulations in the Puget Sound region, and Hananouchi and Nuworsoo (5) found 14 that Miami's form-based code did not treat parking differently than conventional ordinances. 15 Furthermore, most recent parking innovation concerns non-residential uses, such reforms for 16 commercial uses, pricing and management strategies, and shared parking. 17
With exceptions (6) (7) (8), residential parking requirements are seldom studied. While 18 there have been changes in residential parking requirements for urban and transit-oriented areas, 19 parking requirements for suburban multifamily housing is an inactive area. Generally, local 20 zoning ordinances require that a generous quantity of parking be provided. In addition, 21 conventional development and management practice is that residential parking is unbundled 22 (provided free with rent) and not shared with other uses. 23
Two propositions inform this paper. First, the residential parking requirements should be 24 based on up-to-date, local data on parking demand. Parking demand data sources are often highly 25 aggregated, such as the national averages provided by the Institute of Transportation Engineers 26 (9). This paper compares alternative data sources for multifamily residential parking demand, 27 using the Inland Empire (IE) as a case. The IE is a fast-growing suburban environment in the 28 eastern portion of Southern California. Three residential parking demand information sources are 29 considered: 1) overnight field counts of parking occupancy in seven developments, 2) resident 30 responses to a household-level telephone and mail survey (n=301), and 3) household vehicle 31 availability data from the U.S. Census Bureau (10). The focus is rental housing. 32 The second element of the paper provides suggestions for reforming parking 33 requirements, should local jurisdictions find that their ordinance requirements not reflective of 34 actual demand levels or policy intentions. This section introduces the notion that existing 35 demand levels, while a relevant consideration, should not be the sole basis for requiring parking. 36
Existing demand levels reflect past practices such as excessive parking supply and lack of 37 parking pricing (which encourages vehicle ownership), as well as automobile-oriented 38 transportation services and land use patterns that make driving more practical than alternative 39 modes. Each data source has strengths and weaknesses. • On-the-ground data.
• Coverage of all units (no survey response problems).
• Accounts for overnight visitor parking, resident vacations, overnight trips, etc.
• Data collection costs limit number of buildings studied.
• No ability to analyze unit-or personlevel characteristics.
• Does not measure off-site parking activity by residents.
• Hard to determine occupancy in private garages.
• Property manager must be willing to provide site access share project occupancy data.
• One-time measurement could be affected by local conditions, % occupancy, etc.
Household survey
• Provides individual-and household-level data suitable for disaggregate modeling.
• Addresses total vehicle availability, not just vehicles parked at a point in time.
• Can include attitudinal questions.
• Can be integrated with travel modeling.
• High survey cost.
• Possibility of low response rates and non-response bias.
• No measurement of visitor parking.
American Community Survey data
• Easy for city officials to access; free.
• Up to date (2006-08 average).
• Good response rates.
• Aggregated to the city level (until census track level data becomes available in early 2011). • Cannot support individual-level modeling unless PUMS files are used.
• No measurement of off-site parking. 3 Comparing the results of these multiple methods allows us to explore the degree to which 4 one source can substitute for another. For example, if census-based methods are accurate, or can 5 be made accurate with appropriate adjustment measures, data collection costs could be reduced. 6
The IE study area is the portion of San Bernardino and Riverside counties lying south of 7 the San Bernardino mountains, contiguous to the Los Angeles metropolitan area. The Inland 8
Empire is of interest because it represents a fast-growing suburban area that is experiencing a 9 transition toward greater density, mixed-use development, and employment. A transit backbone 10 of commuter rail and bus is being developed. 11
The IE's population growth outpaces the region and California, fueled by migrants from 12 the Greater Los Angeles area seeking lower cost housing. On the economic side, major 13 employment categories include manufacturing, construction, and transportation and distribution. 14 Recently, the area has been hit hard by the housing bubble and recent economic slowdown. 15 Table 3 summarizes the demographic and transportation characteristics of the two 16 parking occupancy-count cities: Ontario and Rancho Cucamonga. These data show relatively 17 affluent populations with a median age that reflect the presence of young families. 18 The 14-city ACS analysis and the household survey are used to test for factors that explain 5 variation in vehicle availability. The 14-city ACS sample explores city-level relationships. 6
Correlations were calculated between vehicle availability per occupied unit and household 7 income, household size (size and number of bedrooms), the year housing was built (the notion 8 that new buildings may have greater supply), the presence of a Metrolink station (the effect of a 9 stronger transit orientation), and percent of population over 65 (expected lower ownership 10 among seniors). Most ordinances set parking requirements based on the number of bedrooms, using the 4 logic that larger units will house more people who own vehicles. In the aggregate analysis, there 5 was no significant association between these factors, but city-level data are not appropriate for 6 exploring this household-level relationship. The household survey, on the other hand, provides 7 information for an analysis of vehicle availability per bedroom size. Figure 2 shows the 8 relationships. The analysis of three data IE sources -occupancy counts, household survey, and ACS data -10 indicates descriptively similar results. The most direct comparison is between the ITE rate 221 11 and the methods described here is the rate based on the occupancy counts conducted at seven 12 residential complexes. In this regard, the average of the seven IE study sites is 132% of the ITE 13 rate (1.66 compared to 1.2 occupied spaces per unit). The following discusses some possible 14 explanations that should be explored in future research. 15 16
• The IE survey rate reported assumed 100% occupancy of any assigned garage that could 17 not be accessed by the surveyors, based on advice provided by property managers. It is 18 possible that this could have overstated the actual rate; for example, if only 70% of those 19 garages were full, the unit rate would be 1.54. 20
• The ITE rates include studies that date between 1964 and 2002. Auto ownership has risen 21 since those earlier study periods. 22
• The IE is known for its automobile dependency and therefore may have higher rates than 23 other cities included in the ITE suburban group, which included places with urban 24 qualities such as Portland, Oregon and Glendale, California. 25 26
1
The IE household survey information provides additional insight into the difference in the 2 rates. As shown in Table 4 , not all of the 1.45 vehicles per unit are parked at the housing 3 complex-the on-site rate is 1.32, somewhat closer to the ITE rate. The rest of the vehicles were 4 parked on-street. 5 6
Question #4: How do the IE parking demand results compare to ordinance requirements? 7
Using the seven parking utilization sites studied in the cities of Ontario and Ranch Cucamonga 8 as a case study, the following compares measured parking demand with parking requirements 9 and the amount of parking supplied. Table 6 summarizes the minimum residential parking 10 requirements for the two cities. 11 12 TABLE 6 Parking Requirements 13 14
15
Code requirements are calculated for the seven projects where occupancy was counted, 16 taking into account the distribution of unit sizes (17). 17 18
• The average code requirement for the projects is 1.97 spaces per unit. 19
• The actual parking supplied is 1.88 per unit (cities allow minor adjustments to supply in 20 the development process) 21
• The measured peak demand per unit is 1.66 (assuming 100% garage occupancy). 22 23
The supply of parking exceeded demand by 16%. This is less of a difference than found 24 in other studies (16), suggesting that the codes in these cities are close to actual demand, if 25 somewhat higher. The starting point for parking policy is whether minimum parking requirements are 1 required at all. Shoup (14) articulates a view that cities should eliminate minimum parking 2 requirements, allowing developers, via the market, to determine supply of parking. Such a 3 strategy requires proper pricing and control of on-street and off-street parking to avoid spillover 4 of project parking demand. In the absence of minimum requirements, there is economic incentive 5 to match supply closely to demand to use parking pricing. This approach has been adopted in 6 numerous urban city centers and is likely to become more common in the future. 7
While supporting the elimination of parking requirements in principle, the authors 8 observe that many suburban cities found in the IE are not ready for such an approach. Proposals 9 to eliminate parking requirements encounter resistance from planners, community members, and 10 local elected officials. Some developers, project investors, and lenders are also reluctant to 11 accept the responsibility of getting the parking right themselves (15 designated resident spaces, causing a host of problems. There could also be a visitor demand 26 peak in the early evening hours or on weekends. Also, in certain complexes, parking was 100% 27 occupied in a certain sections while other sections are only 50% occupied. This might be the 28 result of poor design or a lack of property and parking management, creating a situation where 29 issues in parking location or management are confused with a parking shortage. A common 30 response to these situations is to insist on high requirements rather than institute better parking 31 management. 32 Given these factors, a phased approach to reforming residential parking requirements is 33 appropriate, one that recognizes local attitudes and experiences. The suggested approach 34 includes: 35 36
Step 1: Establish minimum requirements in line with average local demand (assuming bundled 37 parking). This means setting requirements close to local demand estimates (from counts, ACS 38 vehicle availability rates, and household surveys) for renters in that city. The rate would make 39 necessary adjustments for unit size (bedrooms), intended market segment (the income profile of 40 residents), and special housing types such as affordable, senior, and transit-oriented housing. 41
Cities should condition project approval on the implementation of parking management schemes 42 to address visitor parking.
Step 1 helps avoid an inadvertent or deliberate oversupply parking, 43 with benefits to housing affordability. 44 45
Step 2: Require unbundling of parking as part of project approval (parking is charged 1 separately from rent). Establish the minimum code requirements at the expected average 2 demand when parking is unbundled. Establishing this demand level requires either 3 measurement or model-based prediction of the sensitivity of demand for parking using an 4 elasticity of parking demand with respect to price to adjust the level of demand when 5 parking is bundled.
Step 2 also requires the adoption of on-street parking pricing or time 6
limitations to prevent residential parking spillover into other areas.
Step 2 reduces 7 parking demand to the degree that parkers are sensitive to price and lowers development 8 costs. 9 10
Step 3: Eliminate minimum parking requirements in transit-oriented 11 developments for transit-oriented developments, and extend citywide once 12 unbundling and on-street parking pricing becomes widespread.
Step The Inland Empire residential rental parking demand levels reported here exceed ITE rates by 31 between 21% and 38%. These demand levels are based on multiple data sources, and in the case 32 of the occupancy counts, a small sample of seven sites. Firm conclusions about the 33 comparability of these sources require a larger sample of counts. An increased number of 34 occupancy counts, and the availability of tract and block level ACS data in 2011, will allow 35 greater statistical testing of the promise of ACS data in predicting parking demand levels. 36
Data availability remains a challenge in parking demand studies. It is costly to conduct 37 parking occupancy counts; absent property owner cooperation, there is no practical way for 38 researchers to obtain data on the private garages found in some multi-family housing complexes. 39
Property managers are most able to collect parking occupancy data, as their security and 40 maintenance staff can integrate parking counts into their normal activities. Local cities may wish 41 to condition development approvals on the property owner-provided counts when the project has 42 reached stabilized occupancy. This will build local data bases on residential parking demand. 
